The purpose of this study was to investigate the determinability of the distance between the pulp horns (PHD) radiographically under routine clinical conditions. This study was carried out on 36 maxillary and 28 mandibular first and second molars which were extracted because of periodontal diseases. Prior to extraction two radiographs were taken from each tooth, one using the bisecting-angle technique and the other by using the bitewing technique.
Introduction
In the preparation of fixed prosthetic applications, pinned restorations and filling should be of a depth, which will not harm the pulp of the tooth. In order to provide this, it is essential to know the dimensions of the pulp chamber as well as the thickness of the overlying calcified tissues (1) (2) (3) . This is difficult because the dimensions of the pulp chamber vary from person to person, and with respect to age and the structure of the tooth (3) . There is no in vivo method other than radiography for determining the shape of the pulp in the patient's mouth. However, radiography can only show the mesiodistal dimensions of the pulp chamber (4, 5) .
During the preparation of the mesial and distal sections of the tooth, the pulp horns are frequently damaged. So to avoid inflicting any harm to the pulp, the pulp horns are used as a guide to determine the thickness of the calcified tissue to be prepared radiologically. Using the standard parallel technique, Scotti et al. (6) measured the distance between the pulp horns and the occlusal and approximal faces of the tooth. Jung (4), using the proceeding technique, also investigated the determinability of the distance between the pulp horns and the contact point of the adjacent teeth on extracted molar teeth in vitro. Since the pulp horns are used as a model in research, how accurately can the pulp horns be determined radiographically? There is no relevant research with respect to this issue.
The purpose of this study was to find out whether the pulp horn positions can be determined accurately by using bisecting-angle and bitewing techniques on permanent first and second molars under routine clinical conditions. Materials and Methods In this study, 64 permanent first and second molars, containing no restorations or caries, but scheduled for extraction due to a periodontal disease or lack of restorability in 60 patients (25 female and 35 male), were examined. Nineteen of these teeth were maxillary first molars, 17 maxillary second molars, 15 mandibular first molars and 13 mandibular second molars. Malposed teeth with rotation were not included in this study. Prior to extraction, two films of each sample were taken using the bisecting-angle and bitewing techniques. The teeth in which pulp horns could not be detected were excluded from the study. A roentgen machine (Orix/E IM 82 Ardet, Italy) with a short cone, at 50 kV(p), 10mA and with a total filtration of 2-mm aluminium and D-speed, e.g. Kodak Ultra-speed (DF-58) film, was used. The distance between the focus and object was 18 cm. The time of exposure was 0.8 seconds. All of the radiographs were developed automatically (Durr Dental XR 24-II, Germany). The radiographs were carefully numbered and kept for future reference. The tooth of concern was later extracted. Each extracted tooth was cleansed of soft tissue residue under running water and then stored in a Fig. 1 The schematic view related to the measurements of the distance between the pulp horns.
C: Caliper P: Pulp horn apex V: Vestibular Table 1 The comparison of the residual error in the distance between the pulp horns of the maxillary and the mandibular molars using Student's t-test. Table 2 The comparison between the anatomical measurements and radiographic measurements of the pulp horns' distance (PHD) using ANOVA. Table 2 ). The same results were found when different groups were formed as the maxillary first molars and the maxillary second molars. When different groups were formed as in the mandibular first and second molars there was no statistically significant difference between anatomical and bisecting-angle measurements (p > 0.01) ( Table 3) . Table 4 Values related to mesiodistal width (MDW), distance between pulp horns (PHD) and the ratio of PHD to MDW in molars. It has been determined that the distance between the pulp horns corresponded to 35 % of the mesiodistal width of the tooth in maxillary first molars, 29 % in second molars and 40 % in mandibular first molars and 37 % mandibular second molars (Table 4) . In other words, the mesiodistal width of the tooth was 2.81 times as wide as the distance between the pulp horns in maxillary first molars, 3.40 times as wide in maxillary second molars and 2.50 and 2.66 times as wide in mandibular first and second molars, respectively.
In maxillary first molars, the distance of the pulp horn from the vestibular central channel was, on the average, 5.85 mm on the distal approximal surface, 3.38 mm on the mesial approximal surface, and the distance of the pulp horn from the lingual central channel was 4.49 mm on the distal approximal surface and 7.43 mm on the mesial approximal surface. These distances were, on the average, 5.77 mm, 3.95 mm, 4.52 mm, 7.00 mm in maxillary second molars; 4.05 mm, 5.13 mm, 4.84 mm, 4.42 mm in mandibular first molars; and 4.86 mm, 4.86 mm, 4.00 mm, 4.15 mm in mandibular second molars, respectively (Table 5) .
Discussion
More reliable identification of pulp horn location was found in mandibular molars by using the bitewing and bisecting-angle techniques in comparison with maxillary molars (Table 1 ). This could be because in the mandible, the alveolar bone is parallel to the long axis of the mandibular molars. For this reason, angle between the long axis of the tooth and the film in the bisecting angle technique must be almost 0 degrees, and central x-ray has set at a 0 degree angle with horizontal plane, central x-ray is perpendicular to the long axis of the tooth and the film . In maxillary molars, central x-ray is set at a + 35 angle with horizontal plane because of the anatomical surface of the palatinum and this creates an angle between the long axis of the tooth and the film. For this reason , distortion is much higher in maxillary molars than in mandibular molars. Distortion could be minimised by keeping the long axis of the film and the tooth parallel and directing the central x-ray beam to the long axis of the film and tooth at a perpendicular angle (7 , 8) . In a previous study, in order to determine the thickness of the calcified tissue by using the parallel technique , Scotti et al. (2) have specified the distortion along varying filmobject distances, and obtained a distortion coefficient accordingly. In their next study, Scotti et al . (6) subtracted the distortion coefficients from the radiographic measurements they had obtained and thus were able to eliminate any errors in the thickness of the hard tissue likely to arise due to distortion.
Another reason for the superior determination of the PHD in mandibular molars radiographically could be that the pulp horns are more visible and longer at the lingual side in mandibular molars than at the buccal side . Lingual pulp horns will indicate the distance between the pulp horns at the mesiodistal side. In maxillary molars particularly, the mesiobuccal pulp horn is longer and more visible (9, 10) . In this study, the distance from the pulp horns to the vestibular central channel in the mesial approximal surface of the maxillary molars was 3.38 mm and the distance to the lingual central channel was 7.43 mm. The distances in maxillary second molars were 3.95 mm and 7.00 mm, respectively (Table 5 ). These results show that the mesiobuccal pulp horn of the maxillary molars is the longest and it is pointed. Since the pulp horns on the lingual side are closer to the film compared to the buccal pulp horns, the visual magnification will be lesser in mandibular molars in comparison the maxillary molars.
Prior to preparation, radiographic evaluation of the thickness of the calcified tissue should be determined together along with the distance between the pulp horns . Further study is needed to determine the proportion of difference between the thickness of the hard tissue over the mesial and distal edges of the pulp horns and the pulp chambers and the corresponding real value on radiograms obtained under routine conditions.
